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SPECIFICATION 

1. Title of Device 

Sensitivity Fine Control Circuit of Digital Oscilloscope 

2. Claim 

1. A sensitivity fine control circuit of digital oscilloscope characterized by 
possessing, in an input circuit of a digital oscilloscope, a means of making 
conversion sensitivity variable by conducting fine control of a reference voltage of 
a flash AD converter and a means of adding, to a circuit set before the AD 
converter, an offset voltage tracking to the reference voltage of an activating 
amplifier of the AD converter at such a ratio as to cancel a drift of a central 
voltage of the AD converter. 

2. A sensitivity fine control circuit of digital oscilloscope characterized by 
comprising, in a digital oscilloscope, a summing amplifier having at least two 
inputs of which one input is used as a signal input, a flash type AD converter 
receiving as an input an output of the summing amplifier, a DA converter 
controlling a reference voltage of said AD converter, and a network adding, to 
another input terminal of said adder, a voltage of the reference voltage of said AD 
converter that is two times that of said summing amplifier. 

3. Detailed Explanation of Device 

industrially Applicable Technical Field> 

The present device pertains to a fine control circuit for calibration of sensitivity of 
a digital oscilloscope. 

<Summary of Device> 

A digital oscilloscope needs an attenuator and an amplifier for optimization of 
dynamic range in a signaling channel running from an input to an AD converter. Such 
an analog circuit and in particular an amplifier undergoes dispersion of gain and 
fluctuation of temperature severely, and therefore, in the case of highly precise 
measurement, gain control volume of an amplifier must be turned and recalibrated. 
However, if this calibration operation is committed to an internal microprocessor (MPU), 
a high speed and broadband multiplier is necessitated and thus the cost becomes very 
expensive. The present device adopts a method of conducting sensitivity control by 
making variable a reference voltage of an AD converter and thereby provides a MPU 
controllable sensitivity fine control circuit which is inexpensive and free of influence to 
frequency characteristics. 
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<Prior Art> 

In the prior art, as illustrated by a block diagram shown in the Figure 2, an analog 
multiplier 7 is serially inserted in a signaling channel to control a gain of amplifiers Ai, 
As and a sample holder 3. One of inputs of the analog multiplier 7 is connected to a 
signal and another is connected to a DA converter 5 under MPU control, and a gain 
coefficient is given by this DA converter 5 to perform fine control of gain. Since in the 
case of this configuration a multiplier is inserted after the sample holder 3, this is an 
effective method for the case of a digital oscilloscope of equivalent sampling system 
intended for low sampling frequency and broadband. The frequency band of circuits 
after the sample holder may be at least the level of sampling frequency and analog 
multipliers for band of several MHz order are available at cheap price. However, 
attempting to constitute a digital oscilloscope of high speed and broadband real time 
sample system using a flash AD converter, sampling frequency is raised and a 
multiplier is required to become correspondingly broadband and therefore highly 
expensive cost is inevitable. And, considering distortion of high frequency 
characteristics, the use of an analog multiplier is disadvantageous. 

<Problems to Be Solved by The Device> 
The object of the present device is to provide a sensitivity fine control circuit which 
is inexpensive, free of degradation of frequency characteristics and MPU controllable. 

<Measures to Solve The Problems> 
To achieve the above mentioned object in an input circuit of a digital oscilloscope, 
the present device makes conversion sensitivity variable by fine controlling a reference 
voltage of a flash AD converter. And, the present device provides a circuit of adding to 
an AD converter actuating amplifier an offset voltage tracking to the reference voltage 
at a ratio of canceling a drift of the central voltage of the AD converter which results 
from such variability of conversion sensibility. 

<Function> 

As a result, without employing a multiplier for gain fine control as practiced in the 
past or without making gain control of am amplifier, equivalent gain control of a circuit 
set before an AD converter such as for instance amplifier etc. can be performed by 
varying a reference voltage of an AD converter. And, by adding an offset voltage 
tracking to the reference voltage, central level is constantly maintained even though the 
reference voltage of the AD converter is made variable and thus the sensitivity fine 
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control of the AD converter becomes feasible. 
<Example> 

Herein below, one example of the present device is explained with reference to the 
Figure 1. 

1 is an input connection plug, 2 is an attenuator and Al is an amplifier with fixed 
gain. An input signal comes to have a predetermined voltage amplitude by means of 
the attenuator 2 and the amplifier Al and is applied to an inverting amplifier composed 
of resistances Rs, R9 and an amplifier A2 with sufficiently large gain. The output of the 
inverting amplifier is applied to an input terminal AlN of a flash type AD converter 8 
and is compared with voltages generated by internal reference voltage dividing 
resistances R. Outputs of a plurality of comparators 10 are outputted by a decoder 9 as 
binary output data 11. Then, the sensitivity of the flash type AD converter 8 is 
determined by the reference voltage Vref of the AD converter and, for instance, given 
that the AD converter is of 8 bit, that gain from the input 1 to an AD input terminal AlN 
is A and that the input voltage is Vl, conversion value Do is given as follows. 

D = AVi/Vref 256 [LSB] 
Even though the gain A is varied, if Vref is made variable, the same conversion value is 
obtainable and thus the AD conversion sensitivity can be controlled. In the meantime, 
it is required that an offset value of the AD input voltage Vd becomes 1/2 of the 
reference voltage Vref, but if the offset value remains fixed, then, in the event the 
reference voltage Vref is made variable, the central level of the AD converter 8 also 
becomes 1/2 Vref and therefore generates a drift from the offset voltage Vd of the AD 
input. Hence, a circuit is added to apply a current to the feedback summing point of an 
amplifier A2 in proportion to the reference voltage Vref via resistance R6, through an 
inverting amplifier with gain of - 1-fold composed of resistance R4, (R4=Rs) and an 
amplifier with sufficiently large gain (That is, a summing amplifier A is constituted of 
resistances R6, Rs and R9 and the amplifier A2). For the offset voltage Vd of the AD 
input to become always 1/2 of the reference voltage Vref, the resistance R6 is selected to 
give R6 = 2R9. Thereby, even though the reference voltage Vref is made variable, the 
offset voltage does not vary and only the sensitivity can be controlled. 

The reference voltage Vref is created by an adder composed of resistances R1-3 and 
amplifier A4 and one of inputs of the adder is connected to a fixed reference voltage Va 
and another is connected to a DA converter 5 placed under MPU control. This is to 
perform only subtle sensitivity control using the DA converter 5. And, a variable 
resistance 4 and resistance R7 are provided to cancel a static offset of the amplifier A2. 
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<Effect of The Device> 

According to the present device, a sensitivity fine control circuit is realized which is 
suitable for a high sampling rate and broadband digital oscilloscope, inexpensive, less in 
degradation of frequency characteristics and MPU controllable, and thereby automatic 
calibration of sensitivity becomes feasible. 
4. Brief Explanation of Drawing 

The Figure 1 is a circuit configuration diagram illustrating one example in 
accordance with the present device and the Figure 2 is a block diagram illustrating a 
conventional example. 
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